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1. Int roduct ion  and Summary

This final report will describe the work performed by the

Communications Satellite Corporation , COMEAT , under Contract No.

F44620-76-C—0045, entitled “Worldwide Seismographic Communications

Network” , sponsored by the Advanced Research Projects Agency , ARPA

• Order No. 2298. The purpose of the program was to assist ARPA and

provide support to NflRO for the expansion of the ARPANET to those

countries from where seismic data will be returned to SDAC via satel—

lite , utilizing packet switching technology . The total cost of the

contract was $53 ,122. The effective data of the contract was

November 1, 1975, with a performance period extending from the

effective date through May 15 , 1976. In June , 1976 , the contract

period was extended through September 30 , 1976.

Although this experiment could have been performed on SCPC

• (Single Channel Per Carrier) equipment as well as pre—assigned

SPADE , it was decided to use the SPADE terminal because : (1) the

SCPC terminal at Etam had not been contractually accepted at that

time , and (2) no SCPC terminal was available at Goonhilly. Even if

the SCPC terminal at Etam could have been used , because of the

experimental nature of the program , ib was felt that more reliable

information could be obtained by employing the same type of

terminal at each end of the satellite link .

The efforts under this contract have provided support to the

ARPA Packet Satellite Experiment. This experiment has the objective

of testing a number  of demand access techniques over a satellite

channel, between Etam , West Virg inia , and Goonhilly , Enql.and . The

satel] ito cham.~~l is rcali~ cd th rough  the use of a 38 K11~ channel
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in the SPADE transponder (Transponder 10) of the INTEL&AT Atlantic

primary satellite . The aquipment required at each earth station

includes a satellite interface message processor (SIMP) , two SPADE

channel units , and a SIMP-SPADE Interface (SSI) unit.* The SPADE

channel unit interfaces to the SPADE system common equipment at IF

and this common equipment is used to provide the necessary IF to RF

conversions. Comsat designed and supplied the SSI at Goonhilly

under a previous contract. An SSI using the same design was

implemented at Etam as part of the channel tariff.

The study effort performed under the present contract was

divided into two general areas: direct engineering support of the

ARPA Packet Satellite Experiment and design efforts to improve

system hardware. The area of direct engineering support involved

a number of activities to improve and understand the channel per-

formance in this type of application and assess any impact of

• channel performance on the experiment.

Specific types of activities conducted under this phase of the

- 

.
~ program includes coordination with Bolt, Beranek and Newman on the

performance of channel tests between the earth stations and the

interpretation of experimental data , designing , scheduling and

monitoring tests performed on the satellite channel , and directing

tests on the SPADE channel units to better understand their oper-

ation and to facilitate any required design changes. A direct

result of monitoring the channe l performance was a determination

V that the packet type of operation required very stringent control

of such system parame ters as power and frequency . Earth station

~ procedures were changed so that the chi tnnel  is now monitored dail y

*500 Annex 1 for  a l i s t  of d e f i n i t i o ns

4
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by the earth station personnel to insure that both freq~ency and

power levels are maintained within the system specifications . As

a result of tests performed on the SPADE channel units , a better

understanding of the constraints placed on the system performance

was realized. Specifically, the effects of differences in power

level and frequency offsets on the modem operation were determined.

Additional testing on the PGC circuitry resulted in a redesign of

the circuit that greatly improved the operation of this subunit

and permitted the channel to be used for experiments that involve

contention demand assignment protocols.

The engineering support activity was conducted in parallel

with the second area of investigation , viz., the considerations of

system hardware design changes which could improve system perfor-

mance with a resulting increase in the scope , flexibility , and

realism of the experimental activities. This second area of support

resulted in a completely new SIMP-SPADE interface design . The new

design removes certain operational constraints , provides improved

flexibility in use of the channel , and increases the channel bit

rate from 56 KB/s to 64 KB/s. The new interface design is dis—

cussed in greater detail later in this report.

Approximate ly 60% of the effort was spent in direct engineer-

ing support of the satellite experiment , including coordination,

testing and monitoring. Another 30% of the effort was spent
I

s tudying means fo r  improving the system performance including

desi gn of the  new i n t e r f a c e, and the ret~~ ining  l0~ was spent in

misce l la neous tasks re lat ou to the overal l  program ; e . g . ,  t ra i n i n g

per sonnel  at t i~c~ ea r th  s t a t ions in rcgarW3 to sys tem operat ions ,

p repdr in cj  report :s , Thu hold ing  cli scu: ;s iOns wi th ARPA r e l a t i ng

to f u t u re  per~ oi’n ince re :lui rc1 :(~rits dn cl  .i r~~’}~~~ :nt ~~tj ~~n.
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The Atlantic Packet Satellite Experiment , including the

activities under this contract , has demonstrated that the trans-

mission of packet data via satellite is feasible. The activities

during th i s  s tudy  period have indicated the strong desirability

of implementing a real time test and monitoring capability as

an integral part of the experiment to help in increasing channel

reliability and understanding the experimental data. Further

the study activities have provided the basis for the implementa-

tion of an improved interface design which will improve the

reliability , flexibility and throughput of the channel.

In the next section the operation of the initial system

implementation will be briefly described. Some of the problems

which arose due to the packet mode of operation and the actions

taken to ameliorate them will also be considered . Some SSI

modification will also be described. The use of channel

monitoring as a diagnostic tool will be considered. Finally ,

the remaining channel performdzlce problem will be mentioned ,

along with some analysis which supports the hypothesis that the

problem results from the failure of the SPADE channel unit to

reliably acquire each packet during the preamble under certain

channel conditions.

Section 3 will be concerned with the system hardware

design efforts carried out under the contract. The motivation

for these efforts will be discussed. Design efforts to develop

a new SIMP/SPADE Interface unit and to examine possible approaches

of reducing, from two to one , the number of SPADE channel units

required at each earth station will be discussed . Finally, the

u t i l i t y  of encorpora t ing  a test and monitoring capability into

the ha~~ic SSI will be considered. 

~~~~~~~~~~~
- - -
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2 .0  Direct Enu ineer in g Suj~p

In this section the initial system implementation and opera-

tion will be described to provide background for a discussion of

some of the modifications that were made and for the discussion of

the new SS1 design which occurs in the next section. In the context

of this operational framework , the discussion will consider some

of the channel performance problems noted during the test and moni-

toring activities and also the various equipment and procedural modi-

fications made to overcome these problems . The use of real time

channel monitoring data in the diagnosis of channel problems will

be discussed along with the remaining channel problems .

2.1 ~ ial S m 1ernen~~ t i ~~~~d Oper aU~n.

The major emphasis in the implementation of the initial

experimental configuration was to use a low risk approach , so that

a minimum amount of modification to the baseband equipment of the

SPADE channel units would be required. The SPADE system was

originally designed for the transmission of voice data in

a burst mode , i.e., the sate’ lite power is utilized only during

periods of actual voice activity . The ARPA Packet Satellite Ex-

periment also requires a burst mode of transmission , but with data

actuation . For this reason the SPADE SySterL was chosen for use

in the ARPA experin’ental program , with the interface so configured

that it simulated a voice activated system. However , since the

SPADE system is very complex , and is being employed in a manner

not required for the transmission of voice , some problems occurred

which coulci not he anticipatc’d at the start of the program.

E
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2.1. 1 System C o nf i q u ~~aL i on

Figu re 2—1 shows how the SI:~P* , SSI , DTS , and SPADE chan n-: 1

u n i t s  are connected  i n t o  an i n t e g r a t e d  system at each ear th  s ta t ion .

In this configuration two SSI’s and two SPADE channel uni t s  are used.

One SSI is used for operation with the on-line transmit and receive

synchronizers , and the other is available for use with the Data Test

Set and as a spare . The switch mat r ix  is provided so that  in the

event of a failure in the operational channel , switch—over to the

standby channel can be accomplished with a minimum interruption of

service. This configuration allows a failed unit , SSI or transmit

or receiver synchronizer , to he removed and repaired.

During normal operation the SIMP is connected to transmit syn-

chronizer A and receive synchronizer A’ through SSIA . The DTS will

operate with transmit synchronizer A’ and receive synchronizer A through

SSIB. The connection of the SIMP , DTS , and SSI’s can be intercbanged

- . through the operation of the switch matrix . If loop back tests are to

be performed , all data to and from the SIMP will pass through one SPADE

channel unit , while all data to and from the DTS will pass to thc� other

channel unit. During such loopback testing , there is no transmission

to the satellite from either channel unit.

2.1 . 2 Systen Operation

The SPADE syst em was origi~ti~i J y  de signed to convert 4.0 ~~z

t e r r e s t r i a l  voice—band analog sig n a l s  to 56 Kb/ s PCM data us ing  7 bi t

encoding at  an 8 k : z  s~~: 1 m g  r a t e .  For packet -  data operation ~he SI~:P

*5r ~p Annex 1 for list of definitions. A more dstailed explanation of

thu sys~~cn con~ i ;ur~ l ion and c~~cvjtin :~ is  a v a i l a b l e  in t L -  f i n~~. r~s~~ t

of C n n t r a L ~~ ~a . !~~ ~
(
~I~~ -~7 1 — C — 0 0 7 0 .

I~~~. ~i:~~~~~:. -- 
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substi tute :; ia t~~ for pc~: vOice arid transmits and receives data at

56 Kb/ s to and from the ~PA [i~ channel unit. The SPADE PC -1 voice

COI)EC is bypass ci and the data is fed directly into the Transmit

Synchro n i~:er and received d i r e ct l y  f rom the Receive Synchronizer.

During normal operation , bursts of data are transmitted. Each

data packet can vary in length from as little as approximately 100

bits to more than 1000 bits The time between bursts can also vary,

with the lower limit set by the minimal guard band . The exact data

format of a packet is dependent upon the particular system protocols

being used and is essentially determined by the software prograrased

into the SIMP . In each burst the actual data packet is preceded by

preamble and SOM bits which are used by the SPADE modem to acquire

t iming .  The t iming  of the t ransmiss ion  of a burs t  from an ear th

station is controlled by the corresponding SIMP which initiates a

• burst by transmitting a GOSIC to the SSI. The SIMP ’s maintain a common

time base through the use of a ‘follow the leader ’ slotting algorithm .

Basically both SIMPs periodically monitor their own round trip pro-

-~ pagat ion tine to the satellite and the second (slaved) SL’~P monitors both

its own and the other si:—IP ’ s transmissions to adjunt its clock to main-

tairL a fixed rela tionship with respect to the o the r  SIMP , the leader .

Thus the channel is slotted , i.e., packet transmissions can only

s t a r t  at a set of discrete tines. 50cc o~ the  protocols only  a l low

a si n g le s ta L  ic - n to t r an sm i t  durinq a given slot w h i l e  o thers , con —

t c nt i o n  p~~o L n c o i  s , alis-: the poss~ b~ 1ity of both stations trans—

;~ 
mitting into given s l o t .  As w il l  be exp la ined  be low , channel

mod i  ii cati o~i:~ w--t-e r u e s i  red to o b ta i n  s at i s f a c t o r y  ~~‘r fo in  i - cu  w i t h

- - th - : e L u l  . . L  I c~~’ - • ‘
~ - ols .

- — ~~~~~~~ — - -,  -  - r — - -   ..  - 
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Once the si~:~ has transmitted a GOSIG to the SlI-1P/~ PADL inter-

face Uni t  ( 5 51) ,  control  of the channel uni t and SI~1~~, i . e . ,  t i ne  and

raL: fo r  da t  :- a n n l c d  c ut  of the SI~~P, i s  m a i n t a i n e d  by the 551. The

SSI sends 56 kIIz clock pulses to the SIMP . Data are sampled out of

the si~:i~ at the 56 kI lz  ra te  and then stored in two 112 bi t me mories

in the SPADE channel un i t  Transmit  Synchron ize r .  The data are re~ d out

of the memories at a 64 kIJz rate after the Preamble has been generated.

The Preamble is composed of 40 bits for carrier recovery and 80 bits

for bit timing recovery . After the bit timing recovery sequence has

been generated , a 32 bit Start of Message (SOM) is inserted . This is

followed by the data. Because the data are written into the memories

at 56 kllz and read out at 64 kllz, the timing is such that 224 bi ts at

56 kHz equals 2~ 6 bits at 64 Khz. The 256 bits at 64 kIlz is composed

of 224 bits of data plus 32 hits of SOM . The 64 Kb/ s s e r ial  data bits

are con verted in to  two en rallel 32 ~{h/s da ta strea ms for modula tion of

the carrier; 4 ; — P S K  modulation is used on a channel with a noise

bancl~-.’idth is 38 kIlz. The spacing between a dj a c e n t  channe l s  is 45 k H z .

The transmitted carrier must remain on until all data has been

read out of the 112 bit memorie:;. This is accomplished in the SSI by

employing  two sets of c o u n t e rs .  The f i r s t  set counts the nuLnber of

dat a b i t s  sanp i r d  out  of the ~- 1~~~ and passed on to the channe l  u n i t .

This  counter  on ‘rated at ~G }~b/s. The second set counts the  nu :: h cr  of

da t a  pulses  r a d  out  of the nccon i es and np erat e s  at  64 rb/ s .  h h cn  the

s
~~

a:
~
J counts rc-ecl u: he scu ;o nu;d c r as t he first:, the ca rr i e r  is

t u r ; , eJ o f f .

he L s  sst a r cy~ iv .  d I i  em t e sat e li  i t n , the  i n ’a e i r :

p’ Pa Ss 35 P- Ln [ i . c; , i .u .  , t j i .  - —1~ s C.  U F i O S  iS (i -mCC:1i] t - (i f lt P  tv

32 I i ’ s ~~~L t J ~~ 1 Oi~ I c e s : ;  ~:h i ch a r e  i n le r loa v ect to ~~0)~~~i .1 (~~ i b/s

- 

~~~~~~~~ :::: ‘~~1~~ ~~
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serial bit stream which in road .-~~~ 
, r r i r i t i i  y i nt- n one of f ~.-o

112 bit  I lecon ie~. a t  64 Kb / s.  The a~ a a n -  r . -~ L ~~~~ c f  ~h ’-: ;e

nien iories a t  ~~ i :b/ s;  Lhe f~~ is ti ~~j ~-eci oc~ of Lu

stream dur ing  th is  opera t ion . The eper~tt i on of th .-’ Receive Sy nchro-

nizer is controlled by thL CAhPJLr. ~~~Le J e : t . - r a L e u  in the receive

modem. This gate  al lows the flead/ ;- .~ ~ t e n m -~~~~s to o~ erate on l .

as long as the carrier is p r ese nt .  To accc :n a t e  t i r n i rsj d e l ay s - w i t h i n

the receive synchroni z er , a 33 b i t  de l ay  in ad d i t i on  to the  112 b i t

delays in the read/write memories , the t r an s ci t t e d  c a r r i e r  must  r ema in

on sufficiently long to ensure all memories have been cleared of

received data. This requires the transmitted carrier to be on for

approximately 2 .5  msec a f t e r  all data has been cleared out of memories

in the transmit  synchronizer .  The carrier is held on for this addi-

tional time by presetting the 56 K bit counter at the transmit station

to 140.

There has been some contusion as to why the SPADE channel carrier

has to remain on for 4.5 msec after all the data has baen sampled out

of the SIMP . Figure 2-2 is a timing diagram showing the time relation-

ship between the data and preamble , and the CARRIER ON/OFF signal.

From the figure it can be seen that the carrier recovery soquens.~

does not s ta r t  un t i l  the start prse~rb le  pulse (~~ ) has been gei c-rated

within the transmit synchronizer. At the same time the first datum

bit is sampled out of the SIMP and w r i t ten  in to  the f i r s t  112 b i t

memory . When t h i s  memory is f i l l e d , the da t a  b i ts  arc he ld  u n t i l  the

f i r s t  ~~~ has  been g e n er a L . i .  This  i c q u i  i-es a t o tal  t i m e  of 2 .  ~~~ nsc-c.

A f t e r  the  f i r s t  SO~-~, 2 2 ’  b i t s  of data are  read out , fo l lowed by a second

SOM , as :i  m n  c- deta. The process ccintine s wit  ii a] 1 d i  ta have ‘en

L n ’ n i c c d c .~t_ of ‘ h -  si~~ ’ , \-r ) tten .i a t n  t h ’  l il- mo ry  and  t h u  read aft at

6/ l--~ ‘s. i s  p~ ePic-u
;) 7 i. iI:tlo )llCc ; , ‘ ; i c t L  t h ’  b ur st  i~; r ece ived , t h e

- 
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inverse process takes place. To insure  tha t  all  the data received is

read out of the memory of the Receive  Synchron ize r , the ba r r i e r  must
- : remain on at the t ransmi t  end fo r  a s u f f i c i e n t  length  of t ime . The

total delay in the fleceive synchronizer is 145 hits , compo sed of 33

bits for SON detection plus one half of the 224 bits of memory. Taking

some advan tage of the “natural overhang time ” in the receive modem , it

was determined that 140 bits of additional on—time at the transmit

station would be sufficient to insure  all data would be read out of the

receive memory . The 140 bits at 64 Kb/s requires an additional 2.185 msec.

The total time that the carrier must remain  on is the sum of preamble

time 
~~~~~~ 

data time (D T), plus overhang time (OT) ,  i.e.,

T = P T + D T + O T

= 2 .375  + DT + 2.185

T=4 .S6 m s e c + DT

It should be noted t h a t :

D — 
N D N D + 32n

T 56 , 00 o i ~7~ ~ O~oT7~
where n = the to ta l  number  of SOii~’ s required for

the length  of the data  packet

N D = # of da ta  b i ts

Each SON is 32 b i t s .

2 . 2  C h a n n e l  P r o b le l l s  and  c : ;; : : o ] i .f i c n t  ions

When the basic  sy; ;L em desc r ibed  above is used f o r  the t r a n sm i s s i o n

of p L c~:ot. da ta  c e r t a i n  probh  -s a r ise  wh~ ch a f f e c t  c h a n n e l  p er f o r m a n c e .

These probl em s have  been di ff i cu lt  to diagnose because they t y p i c a l ly

~~ h i ’ .m ’ i nvo lved  i ;nt c r a c t L o n  mesh .  n i  s; c; bet ,een th e  ia-Sc) p a r ti c i p a t i n g

s L L c n ; i s .  5F5 lt 35 , d f l  i I L I i V ~~~~5l  i). St LL1OLI YO’J lCI  v - c 1: well  u-hen i t

oi,-’ratcd ~~ 
u 

~~‘ H~ i ; :OJ~~ t hr e i ; ;h C L ’s n i l e - i l  Ito , i.e . ,  hear nq its

a own ir Lr i r i i r l :  e n s.  ( ; ~ ‘ ; I  pt-n e Psn - c i- \-.‘ - i ; ;  . L i s ( )  t v p i s i l iy  (t C , 1 ) .nc. / Whel L

Hi

- 
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one s t a t i o n  tran ;a;ittsd arid the  oth e r received. The prob l ems

tended to occur when  both  s t a t i o n s  were active in t r ansmiss ion  and

reception . In the d i s c u s s i o n  to fo l low twd of the problems of t h i s

nature will be considered along with the corrective actions taken.

In addition to problems of the abOVe type , the packet mode of

transmission tends to stress the acquisition circuitry of the modems

- . more than voice transmission . In pa r t i cu la r  it requires better modem

acquis i t ion  per fo rm ance . This in turn  imp lies more stringent control

of modem a d j u s t men t  to ensure that all its subunits are operating with-

in the i r  spec i f ied  opera t ing  ranges .

Developing techniques to i d e n t i f y  the symptoms associated wi th

subunits whose parameters or performance are out of spec i f ica t ion  has

required appreciable Comsat effort. Additional effort has been cx-

pended on scheduling and coordinating the required engineering tests

at the earth stations and in some cases performing tests in the

lahor a Fory .

2 . 2 . 1  Problems_Associated  wit h  Mu lt io l e_Sta t ion_Operat ion

The burs ts  received at the earth station are down converted from

the 4 GI I z band to a 70 MHz IF by the earth station down converter s ,

and sent to the SPADE IF sybsystem . The particular channel of interest

is picked out and down converted a second -Lime to 512 kI-lz in the channel

- -S modem. The signal i.s demodulated and the two channels of data , at

32 1< sand , and the 32 kI lz  b i t  t im ing  clock are sent to the Rece ive

S y n c h r o n iz er .

Two c i r c u i t s  in the rtiocicaii , v i  z ~ , the ACC and VCO u n i t s , wh i c h

operate w i  I f o r  h i i  n st  ns dc voice t r an n a is s ion , do not pc-rform ado—

~~ qu a t e  I y f o r  t he  r i - ’ ’r t t ion  of b u r st  sc ’ ~~~~ data as it is b si  ne u sed  in

, j i i ’~ , ~- i ~~ci : i t~ ‘the :~n i m  17 c1jfIey~-n ces in the c~-emat ion of ‘~Le chan : e1

~or “ hu r s t  n o d e  pe i c ’  vs “b u t  c-; t nes- data t are related t o  the d- ,- amicr ;

r -

-
~~~ ~~~~~~

- .~~
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of channel usage. For voice , reception is from one station o n l y ,

and the time between burs t s  is on the order of seconds. I-or data

transmission , as employed by the ARPA channel , recept ion is from two

sta t ions , and the time between bursts is, under certain conditions , less —

than a millisecond.

The imp lications of this change in channel operation and its

e f fec t  on the opera t ion  of ~ SPADE channel  un i t  can be explained

as fo l lows .

E f f e c t  on AGC

The AGC amplifier continuously samples the level of the 512 kHz

IF and adjusts it to be a constant output through the use of negative

feedback from the level detector. The characteristics of the level

detector are such that it has a short acquisition time constant but

a long release time constant . Figure 2-3 shows the AGC feedback

voltage relative to the incoming burst. The photograph (Figure 2-3)

was taken at the Etam , W.Va. earth station .

This AGC characteristic has caused two types of channel problces.

For non contention protocols , those that involve only a single station

t r a n s m i t t i n g  at any t i m e , the observed behavior is missed packets if

there is a povo r imbalance between the two s t a t i o n s’ t r a n s m i s s i o n s .  In

p a r t i c u l a r, if the lower power s t a t ion  t r a n s m i t s  a packet immediat e ly

f o l l ow i n g  a t r a nsm i s s i o n  f rom the hi gher  p-ove r s t a t i o n  there  w i l l

be a t en dency  f o r  the  mo d ems to  miss  th e  1)ac~~~t b ecause  t h e i r  L~C

ci rcui t s  wil  1 not  i c.;p mci rapl dl~; oiioucjn and t h c ’dreamblc and SO’-~ will

be received at low levels. Power imbal sess on the order  of 1. 5 to

2 dP were ohsnrvod to cause tIi~ a probl em . For con tc’i~t ion protocols ,

L L t  i n ’ - lvo si :-n1 t a n _ ens OCC1L ’ ‘ os- of the sat es ] i l te  t r a n s eon d or ,
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a similar problem occurs. The packets tha t  are in conte~itio n are of

course not correctly received , but , in addition , due to the above

ACO chasac ter ist ic th e ~:ache ’s in the next  slot also tends to be missed ,

even when not in contention , clue to the 3 dB power increase associated

with the contention slot.

The power imbalance problem has been alleviated by more stringent

and frequent monitoring of the stations ’ transmit powers. This is

essentially a procedural change. In addition , the AGC circuits have

been modified so that any power imbalance that does exist should not

cause a probl em and measurements with Contention protocols can be per-

formed .

Tests, at COMSAT ’s request , were made at the Goonhilly earth

station, and subsequently that AGC circuit was modified. A definite

- 
- 

improvement in AGC acquisition and release times was obtained.

Similar modifications we c made at the Etam earth station after some

additional testing. Figure 2—4 (a-c) compares the AGC feedback voltage

-
~~ for the unmodified and modified AGC amplifier. The top trace (a)

shows the feedback voltage of the modified AGC amplifier , and the

bottom trace the feedback voltage of the unmodified amplifier. Figure

2-4(c) shows , with an expanded scale , the feedback voltage for the

modi f ied  AGC amp l i f i e r .

Addi t iona l  me :nuroments were performed on the mod i f i ed  AGO to

determine the release time of the AGC as a f u n c t i o n  of inpu t  power

l eve l s , v iz .  , a burst with a n o mi n a l  C/h and a second burs t  9 dB hi g her

t h a n  n o m i n a l .  F.~gurc  2 — 5  shows t he  r e s ult s  of those  m ea s ur e m en t s .  As

shown in t he  f i g u r e  it  would t a ke  los s  than 2 msec f o r  the AGC t o

desay to tb val ue or feedl ack vol L.a e flo a i l  ly al L. - i  r _-d ~ ac a h sr st

of 5011 LLL - 1 1 p a i n e . A s i qn a l  ~~~~ s n q t l i  of 9 eh iho - i- nominal. would be

i ’ . ~I nt I ç~ I i-v .ni r. ’ ( ‘i l j h t  (1!l t li t r i L ’~r :  si u l  t n- : ’~~ 1sly t n u r r I  ‘ j f l (~

‘iS

4
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through the satellite .

Additional testing is being done at CO~-:SAT Laboratories on the

SPADE modem AGC. The purpose of the t e s t i n g  is to be t te r  u n d e r s t a n d

the characteristics of the AGC circuit and to determine wlvi t f u r t h e r

improvements can be made in AGC operation to provide bet ter  r e l i a b i l i t y

in the s a t e l l i t e  c i rcui t  and m i n i m i z e  the guard  time r equ i r emen t .  Pre-

l icina ry  resul ts  indicate  that  the decay time can be reduced to a few

bit  t imes .

E f f e c t s  of VCO O f f s e t

The Voltage Control led Osci l la ter  (Vco) provides a 512 k h z

reference  s ignal  for  demodulat ion of the input  bu r s t .  Since bur s t s  -

ar r iv ing  from d i f f e r e n t  ear th  s ta t ions  wi l l  not have been t ransmi t ted

at exact ly  the same frequency , due to s l ight  d i f f e r e n c e s  in ear th

station up-converter  f requencies, the modem VCO must  compensate for

these d i f f e r e n c e s .  The osci l la tor  control  is set at  8 .192 M H z .  I ts

output  is tunable  and control led by a ioop f i l t e r  which  determines

the amount  of correction necessary to produce a zero f requency  d i f f e r e n c e

- - between the modulated IF and the reference. The r e fe rence  512 kH z

signal is obtained from the 8.192 M1-i z oscila t tor  by d i v i d i n g  i ts  output

by 16.

Fi gure 2-6 shows the output of the loop f i l t e r , i.e., the

control v o l ta ge  to the VCO , wi th  r e fe r e n c e  to a lt c rn at in q  inpu t  bu r s t s

-
. f rom the two s t a t i o n s .  The d i f f e r e n c e  in t h i s  volt age  is prop or t ions i

to the di fi e~ ri c - in f req u e n c i e s  of the  s ign a l s  ar r i v i n g  f r om  two

diff co (nt l ear t h  stations. With no si.qnals into tb modem , the o utp u t

of the  loop f i l t e r  t e r  b to decay to 010 r e m -u .n a~ a quiescen t  vol  —

ta~c ies’ei i n  a n t i c i p : t i on  Of t b  nest b u r s t .  U r - ~ -r  nor - Ct ] ~~~‘~bF

op~ r a t  I on , b u r s t s  ar e  n- eparat i ’d  by 1 e u p -  q r r i r d  b a n d s  and  some I i  ts
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can La missed  on a burst without much pcrfo mance dc-gradation. Also

burst s  w i l l  tend to be received from the same s ta t ion  for  a s i g n i f i c a n t

t ime per iod . In the  ua - c- t mo ;e , t r a n s m i s a i on ~ w i l l  r ap id ly  swi tch

from station to station and all data bits must he correctly received

if the packet is not to be missed. Under these conditions the loop

f i l t er must  adjus t  rapidl y if there is any appreciable frequency

difference between the transmissions of the two stations. If the

station transmission frequencies are not carefully controlled and the

modem VCO ’ S ca re fu l ly a d j u s t e d  there wi l l  be a tendency to miss packe t s .

To prevent  th is  type of channe l problem the transmission fre-

quencies of the two s ta t ions  must  be c a r e fu l ly monitored and the channel

performance must be moni tored for  any si gns of VCO rn i sad jus tmen t . The

f requency of measurements  on the relative t r ansmi t  f requencies  has

been increased to ensure tha t  tii~ d i f f e r e n c e  is m a i n t a i n e d  w it h i n  the

200 lIz SPADO system spaciricatlon .

The SPADE Sy s t e m  s p e c i f i c ation r equ i res  all station:; in the

SPADE system to m a i n t a i n  their  up-conver ter  f requency  wi th in  200 Hz of

• ~ the Etarn , W . V a .  ear th  s ta t ion . ( E t am  is used as the system r e f c ren c e . )

Thus , the ma:-:iis u ra rccru ency d i f f e ren c e  bc ra .-cen bu r s t s  tha t  one sh o u l d

exp :-ct wi th  two s ta t ions  in the nct\ - ;ork  \ - ?el l ld  be 200  H z .  IIo’.-a -v er ,

once a third station is hu ro u ~j bL  in to  the  i U w u ik , the  m a x i m u m  :c~ uency

- 

~~- d i f f e ren c e  could  he -as much as 4 0 0  lIz , cau si ng an oven creator ~nmand

on the VCO led f i . ] t C S.  A C l d i t l O u C u l ~ ~ vc sU ~( P t  i005  if lt o  t he  (~~~Cr a t i O f l

-
. of  t h e  V~ O erIc 1mop U I It e r  wi l l  ho rc- - l u i r e e  to bet L r  unco r :tau -a i t s

lir: i L a ~ ~ d n s  an ’i c - :;-ab ~~ j U l e s , a n d  to t - ’r ; : d r o -  ~- . b - u l  r’ i l i c z u t i o a  ~, l u o a l d

ho ~~
- a k - , i f  e e y,  to i :: 1 - i ’ c vc it s  o p . r t t  i on .

- -— _ _
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2.3 Mu J i f ~ catjc-ns to the  ~SI

Two chan~j c- s in the c i r c u it r y  of the SSI were made in order to

elimina te two poss ib le  causes of marqinal operat ion . The f i r s t  change

was to shif t the position of the 56 k Uz  clock re la t ive  to the leading

edge of the data sent to the SIMP . In the ori g inal design the leading

edge of the clock and the leading edge of the datum bit wore coincident .

In transmitting the clock and data pulses  from the SPADE channel un i t

to the SIr-li’, some distortion or delay could be introduced into one of

the s ignals .  As a resul t , the possibility existed for the data written

into the SIMP to not be properly synch ron i zed  wi th  the clock . In order

-: to prevent this from occurring, the position of the clock was moved

so that its rise and f a l l  tim-es occur in the middle of the bit. Hence ,

the data being w r i t t e n  into the S1i1P is in a def in i te  high or low

state , ra ther  than possibly in transition from high-to—low or low-to—high.

The second m odi f i c a t i o n  incorporated in to  the SSI was a change

in the t iming  for  t u rn ing  the car r ie r  on relative to the start of the

preamble.  In design ing  the i n t e rfa c e  uni t  it was assumed that if the

carr ier  was tu rned  on pr ior  to g e n e r a t i n g  the preamble t h i s  add it iona l

car r ie r  energy woulu  aid in the c a r r i e r  recovery . The normal  c a r r i e r

recovery sequen ce  is 20 bits of all  “ l ’ s ” sent to the A and B cb m n c l s

of the modem. T h u  f i r s t  1 is c o i n ci den t  wi th  the s t a r t  prean’~b)r- (~ i~)

pulse . By turning on t I r e  c a r r i e r  r u r i o r  to the ~ I’ p u lse , the  bit

sequence  was c h s ~~-J to ci g h L  0’ s fol] .owc d by twen ty  l’ s. Additional

tes Lin ’J  hC~-: -L~ t t h i s  j-5O5 - b U S u ’ did not. Imyu:uec t ire ca ~. ~.‘ier C V ~~ l1i—

sition I. i me . I f  a ; ’ ,’ L i i in g  , it: dea r  ‘rded  the aCq ui s it . i on t ~e s inu -~ the

i :od - ’ra ‘.- .- -~~~- 1  d irut. try to I oc ’~ into cur- reference eb1 : ,u e r r s  then - - nve rt

t b -  ) - - L _ - o s e  ~: - -  o ;.  the r : i r : n ,~ 1_ ~~- at Ire : : o ro— t .o— on s . Thr t

U :-: L i  - d r - -a- i ’ I inc w, s re’; (I ‘-~ -

- ‘-4
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2.4 Channel ~~~~ torine and P~ rs,-lir’d nci C h a n n e l  Pr o b l em s

The va r ious  equi pment  and procedure m o d i f i c a t ions considered

above h.~’~’c q.reuLiy i::~-rovL’d the c h , u r r n u l  L r ior ~ ans i :  0r p ac ke t , i.e.

burs t  da ta , operat ion . There is , however , at least one factor that con-

tinues to limit the achie\-ed p-arfoia:encc .

The channel performance is monitored 24 hours per day by the

t ransmission of ‘ routing packets ’ by each SL4I-, with a period of

approximately once per second. In particular the channel transcissions ,

the absence of other  data packets , are as shown in Figure 2-7 . ::ote

that  the two rout ing  packets are contiguous and a l te rnate  order from

routing frame to routing f rame . Each routing frame consists of 32 slots

which are 30 milliseconds in length . The routing packets occupy 2

of the 32 slots and are 27.6 milliseconds in length in terms of the

duration of fl.F. e n e rgy .  Thus  t h e r e  is a guard tine of 2.4 m u ’  i

between rout ing  packets.

The SIMP s record the channel  performance by mon i to r i ng  the

- - n umber of ‘ routing packets ’ which are received over a fixed tire inter-

- ~ val , which a re typ ica l ly  fou r m i n u t e s  long. In particular each SIMP

record s the number  of its own rou t ing  packets  tha t  it correctly receive-:.

when it t r ansmi t ted f i r st , the number  of its own rout ing packets that

it cor rec t ly  r~- cc  ~ ved ~-,1-m-::  it tranl ;r .ritted sc-send , the n um b e r  of the

other kIMP ’ s ro u t i  a g pack e r s t hat  it received when t h e  o th er S~ :-:i

transmitted f i rst , an d the  number  of the o the r  5~~g1 ’ ~ routi ng p - :d.ets

that IL  correct ly  roceiv i w n the oth-~-r sr:-k ’ treim- - a Lted see I.

Tn~-se vdues sr c rcr.rr -~ r:1 to tiro r: :  ectud I; -.: her of receptions in each

ce tr-~;c- ry and t a e if r’cre; a-c- ir rr-c~~ rak-d as t lie nu :,1-~ of missed - ackc’ t : ,

in t h : t  c a t e g a l y .  The t i m - l i l y  r ’a - u i  ‘ i — l i j ri U~.c m fl t . m,j1 curl’Lra 1 is to

l-?~: j~~~L . ;O. L :; of  ‘ , u~~ i t~ - ; - - , .i .c .,  -~~~h ~‘i; - p r - : - : : - i s n t ii of 25 (  shot s

(

— ‘ - - -  - - — - -•- - - ~~~-- ‘- -—~~~~~ 
- ‘-—~- ~~-- - -



- -~~~~~~~~~ —~~~~~~~~~~~~~~~~~~ -----— ~~~~~~ -- - - - - -  - - - -~-~~~~~~~~~~~~~~ -‘- --- - --

• - 2_c~

i

~
4 i

i
.

I

- — . — ..- . , 
~

-. -
~

—--
~ 

— ~~ - S - - - - •-~~ — -‘a- -~ 
_ . -- * -.



r w - - 

~~~~

— --

~~~~~~

---

~~~ 

- -
~~~~~~~

—26—

per interval. The SIMP also records the n umber of packets t ha t  arc

recei ved wi th  h a r d - -;arc check sum f a i l u r e s  dur ing  the measurem ent

interva l . As f a r  as check sum failures , all routing packets , own or

other guy ’s, and any data packets , own or other guy ’s, that mig ht

be t r an sm i tted ar c trea ted al ike , wi th  j u s t  the total  number  of check

sum failures recorded. If the total number of routinq packets

mi~ sed in all categories at a given SIMP exceeds 4 during the measure-

ment interval , the data is made available through the r:etwork Crntr-: 1

Center at Bolt , Beranek , and Newman. If the number of missed routing

packets is equal to or exceeds four, the data also indicates whether

the number of check sum fa i lu res  in the measurement interval was

<3 or >4 , by setting a single binary bit. The software to perform

this channel moni toring was developed by Bolt , Beranek , and Newm an.

This channel monitoring in formation can be used to diagnose

certain channel and equi pment mal func t i ons  and aromolies. Dur ing  any

measurement interval when the number of missed packets exceeds the

threshold value of four the available data ~
- has the form shown in Ficrnre

2—8 . The resulting data patterns can be viewed as synd rom es of parti-

cula r types of channels problems . For example the pattern

l :V , W/X , Y X , Y , U and V appror :i~ atel y equal

tends to occur fa r one of the stat ions if  the bit  t i m i n g  (32  ~-~k :~)

vol tage c o n t r o ll e d  o sc i l lato r  (VCO ) in its modem is not- within its

specifi ed operating range . Simi  l a r l y ,  p r i o i -  to the AGC modifications

: the pat:t c-rn (syn- .

0:0, X/ 0 ,0 Et e r n

0:0, 0/O ,X CoonI~i l l y 
x

~~ would  ~esrIlL if a ic - war ; ci ;.;i qn i f i cc - - ; L (su’-.- .-~ a l dB )  j - c .er  I1,LP.IIUflCU

1 -  ‘~~ 
- - , - c-u th ~- t - ‘ - n - I  ~~~‘ 51 ; 1 1 -

,
- 

t r - a n : -m ~:i h (~ sri- I ‘ r i - I  i~ i v -
~~ v

• -1
- ~~~~

- 

~~~~~~~~~~~~~~~~~~~~~~~ - _ _ _ _
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hi gh .

Analysis and m o n i t o r i n g  of these missed packc-t patterns has

proven to ha a ~s: ful rm-ti:csi of ijuickly spottirr-j and cerrectiii’-- cer-

tain ecguipment and operational anomalies.

As the result of anpreciable diagnostic work , improvements
-

. in operational procedures to fit this type of channel usage , and the

use of the channel :nonitor i! tg in fo rmat ion, the channel  is now re la t ively

free  f rom pe r fo rmance  degradat ion  ( e . g . ,  missed packets)  that  can

be attributed to systematic , equi pment  re la ted , causes.

rj~he channel does , however , still exhibit one type of isg:;airrnent.

- 

- The channel performance , as de termined by the  number of missed packets ,

seems to exhibit a two state behavior. It is either in a ‘good’ state

where misses are very unlikely or a ‘bad’  state where misses are much

• 

- 

more l 3 k e ly  and characterized by the  average syndrome

Etam 0: X ,Z/X ,Z X > Z and V > X , V > Z

Goonhi].ly 0: U , V/U , V U > V

There is a c o r r e l a t i o n  between the behavior at Etam and Goonhill.y

and a tendency to miss f i r s t  packets , in a sequence of two, wh ether

tran sm itted by yourse l f  or the- o ther  s t a t i o n .  Fi gure 2 — 9  shows the

measurement s tat i s ti c s  for an average day  and illustrates the occur-

rence of th i s  syr idror c- . See s pe c i f i c a l l y  en t r i e s  at 0833 , 083 E ~~, and

0 8 4 2 .

Fur ther , the t e nd e nc y  to be in the ‘h a d ’  sta te is t ime of day

dL-pen- .IcnL a nd c-i so t c - : - d s  to vary  r : o n c - wi i a  L i~ ciii i--iy to day. F~ - mire

2—20 i i  I us tra Los Lb a ‘ . of  c 7ay d- .-~ -n i u n :e of t he  p er f o rm a n c e  f o r  a

t y p i~~. i i  21 I cc-1 p- ’i i o d . To obtain tie (1~~~t .’l i r e - r I  to  p l ot  h i s  ti c-ur e ,

tb - . - fl .: b-a r o~ t - e L:; r .r s r i - k  e i i ; i ~ e . r ch  i r e a r  per ic--i at each station

were ec :l :it - i i - - - - i a -h  or  the  21 d~, -~- ; .  T1~~-r fo r e~ich  of t he t- .. 0

k4

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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o n e — h o u r  perle-is the  n u - h s r  of c lays  d ur i ng  wh i ch the nui~ber of rc issed

pack e t s , of a l l  typ - -s , aL a sp e c i f i c  station exceeded twenty was

counted , th is  da ta  was the-n plotted on an hour by hour basis for  each

station .

There is reason to believe th at this per tormance is somehow

re la ted  to the to ta l  a c t i v i t y  in the SPADE t r ansponde r  th rough a non

l inear  coup l ing  mechanism. This  behavior  is not comp le te ly  under-

stood at th is t ime . Fu r the r , its transient nature makes measurement

d i f f i cult .

2 .5 Chann e l  P e r fo rm an c e  far : l y s i s

To provide a background for the interpretation of the channel

monitor ing described abov e , some analysis of the channel behavior in

a noise dominated environment was performed. In order for the S k4P

to cor rec t ly  acquire  a rou t ing  packet  the ~ i~ADE modem must  acquire

the carrier frequency and bi L t iming  from the burst preamble and

detec t the presence of a uni que word (start of message (SOfl) inch —

cator)  which is u sed to resolve pha se ambi guity . The SOM consi sts

of two 16 bit words which must be detected with at most 2 hit errors.

The p r e a : J i l e  and SO -i  f o rm at  is shc- -.,-n in Fi gure  2—11 .  At this point

bi ts  are read i n t o  the si:-:e and a l l  1264 bi ts in the rou t i ng  pachet

must be correcti’; i-eceivcci to count as an a c q u i r e d  r o u t i ng  p a ck et . *

I f t he  S I .:1I’ uniec’c word ‘ SYN flI.E S T < ’ corr c  .-~~n -din~ to the bit Ltorn

e v a
--- ~~.----.-.- - - - ---- - - --- - - ---.-~ - 

_

O t a c , . ., - , O- - , - J - ) , ~~~~~~~~~~~~~~

ii ; F ( C ~L -
.‘ - . -J but Lb - -re is ae er ror  ~ -~~~~~~~~

- ~c~t: -~- rc~r . : I .l b i t s  t : ;en

the pack L ‘.-:il I nn~ b- s  oi .ml;  -~ Os a r- - - ‘ I ~.i ‘:-cI ‘ ra i~~t i n -~ ca- - t’ bet

— — u i l l  La  . : t  .: J -~~~~~
- - ‘ - c - e t e~ - -H Lh .a cbs-i; SW . ;  f.i i lur e . i f ‘ 5Y~ t ip S  TX ’

* j f l  i_ i 1 h ’  I l l S )  3 _ I  i c l i  i i  I_ 1 L u i  I I I ~~ i i  e r t i i t  d c i i
- -. -

4 
i ,- .  . — - I
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is noL c-a r r ec t l y t e C L~j V LOJ , the SIPP i q oor a s  tier poc:~ct ~u p leteJ~ - - .

For s.ir; I: 1 ic’ s in w h a t  follows it ;-iill be assumed that t:r modern

ac -s  e a r h  r-~sc - h ’- I , I . • , t arh ie ’~ - -ia cc- r a . ier  c -flu h i  I- t im i n c i  c - c c -u i —

si t ion and ~o~-1 d e t ect i on . F u r t h e r  it. w i l l  be assumed tha t  the e r ro r

p r o bab i l i ty  for  each of the i n f o rm a t i o n  b i t s  in the  b as i c  packet

(the  h i t s  t h a t  are used by the  S l t P )  i s  u n i f o r m .  Both of these r e su l t s

wi l l  tend to b ias  the an a ly s i s  in the d i rec t ion  of ba ing  op t imi s t i c .

Indeed , one r e su l t  of the a n a l y s i s  wi l l  be to indica te  tha t  the-

p r o b a b i l i ty  of modem a c q u i s i t i o n  must  be appreciably less than u n i t y

in cer ta in  s i t ua t i ons  to account  for  the expcri i :r en ta l  data . The uni-

form e r ror  p r o bab i l ity  a s au r s-t i o n  is h o t  e n t i r e l y  r e a l i s t i c  e i t her , be-

cause the l a t e r  bit;.; in the p a c k e t  n or r a s i l y  b e n e f i t  f r o m  the  act - i f ti o n al

t ime ava i lable  to t h e  mo-i lem to  r e f in e  i t s  c a r r i e r  and  bi .t t i m i n :  r . : t

ma t e s .  Whi le  the cli f f e r — -:-; co in erro r pr r - b nb i  1 i t y  mi ght  br a fa ct or of

10 or more , us~~fu i  r e su ]  I- c; c m  be ci~~~ in r - d  ~- i t h  the u r r i f o ;m  asas- . otioc- .

With the a L a - -c- a s su m o ti on s  th~ p a r f o r  :~~r ;~c~u an a lu s ia  r e c tuc -  s to

a binomial  probab.~ l c . ’ a : . a l y .  a .  Let. a r - cm c-nt the 1 :-cb~ bil i t - -  of

a bit er ror  ari d n t b -  nui .hsr I~~~~ b it s  i a -a r ou t in g  pack -t  . Then the

probabili ty of ac-:~uir 1Ii -~ a re L ie u  paceet :  is

[l-~ --- a

and the t-rc-h ibilii :v c-f 1 i 55~ ; - p- - - h - - t ~ is

1 i~t

I
!-:ach m e a s u r e - c l  : ; L ; t a r t i c  L - c - ; I 5 - c - t S  O f  ~a - u r  t - r r C n  c - f  rr . r;ar :; ‘nts:

( I )  n c ; . b : r  o f  m i s s e s  th en  i l e  CII  I c ,  r u b  c-n~ La-u suit fi rat ,

(2 ) n ir . : iL ’ n :,r i c n m - a  i-kR-s 1 .j  at  on to r- . - I L - ;  c- i  a~~e - :.) t Ce - rid

( 1 n I ; - : m _ .  r of  I :  : a ’ r s  ~il (;!c i i  [ t - c - i i  a ~~ at ~i ‘- -5  5 ( 1  it

t. Z ’ n : - i r c  ¶ ~ i ast  , a n ci

( ‘ )  l i i i  a, r c- :- i: a- - :; --a~- : ;  l i : L c i Lu  c - l b  I t i -a :~ ~i i c  it.

4 1 - a : :  I a . - -

“a

‘~~~~ a _- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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A ssunu rig t h at  b i t  errors  ~re equally P ro ha bi  a i n  the four types of

n ;e a s ur c t c - n t s  and  i : r d i cpenL :ch Icc -  be tween ::r -a su r  - rm -n t  types  and m e a s u r e —

meets of a ::~.y a n  tyr -C ,

P = Prob of no o u t p u t  in m ea s u r em e n t  intervalno

= Prob [
~~ 

t .  < 4 ]
3-

=~~~ : P ( ~~~~~1) p (i2) P(2~3) P(f1 )
2. j 2. 2 , -~- 3 ,

2 . .  < 4
i= l  j~

where P ( Z - )  N N— 2 . .  P ~i 0 < 2 . .  < N
1 a m — 1 —

is the p robab i l i t y  of m i s s i ng  f~ packets  of type i and N is the num-

ber of packe t s  t ransmi t t ed  dur ing  the m e a s u r e m e n t  i n t e r v a l .  The above

resul t  reduces to

P 4 ( C )  + -
~ P~~C O )  P ( 1 )  + 4 P 3 ( 0 ) P ( 2 ) 4 -~ P~~( 0 )  P ( 3 )

+ 6 P 2 ( 0 ) p 2 ( l )  + 12 P 2 ( 0 )  P ( l )  P ( 2 )  + 4 P ( 0 )  P 3 ( l )

W i t h  the cLove r e s u l t s  i t  is poss ib le  to cons ider  the n umb e r  of recorded

s t a t i s t i c s  t h a t  should be con ta ined  on the ch a n n e l  pe r fo rmance  record

ob ta ined  each day ir on t i ie  Petwork Cont ro l  Cen te r  at Bo lt . , Berasek ,

on d Newman as a ~unct ion of t h e  b i t  p r o b a b i l i t y  of e r r o r .  Fig a re  2 — ~

is an exan~~ie of a rch  a reco~m b .  In p i c t i c u l ar , fo r  each s t a t i o n ,

Averaga  Pumbc : r of O u tp u t s  = 360 [ l_ P ~~0 ]

Van once in Pci - : b ~r of Out :  :t s  360 P [1— Pno flO

and
(36o \ 3 6 0 -)P L C ;  [~~o;t ; : i a I  r

~. I  - j P  I l — P  1/ 110 ‘I c-

• a f ; su m i  ii a m~~~ : a r  ; : n t  i ii tc i’ .’a) 01 - r i  nut 5 , 05 2u0 r, i;-ur e;: a .;

I P J  

-

~~~~~~~ 

—
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r 1 c-h l e r  1 .;u : :;iorizr- -a these ri -suits as a fa;ctioa o1 p for n -
~ 1264

c-nd N = 128. liii ~ N vol U-:  corresponda to the  4 m i n ut e  I ; ; C r m ; ;u r C I i e : , t

nt .o’’.’c-b -and the t i -c-~ i r m i  ss ion  of a rou ’Linc j  n a ch o t  b’i each st at i on

~-~.>p r o - :i r r i te l .y  on- -c per second , i . e .  , each s t a t i o n  sc-rids 256 r o u t i n g

pSCkL:t5 in  ti le cc~i s l l r ~ -n t  i n t : crva l  Ind-rpcncio ;;t m e a su r e ;- -~n t s  of p

hIoln ;1li y y ield a val ue in the  r a ng e  ~o
6 to IO 7 . Thus it  is c1~~sr

t hat  the o r d i n a r y  thermal  noise  e f f e c t s  do not accoun t for  the t~~ -i .ca 1l y

observed behavior :  such crs sho-.-.-r i in F igu r e  2 — 9 .  Because of the e U r o -n e c

of check sum errors , it seems t h a t  the  probab i l i ty  of the modem not

acquir ing  the preamble must  he sign l ti c an t  under  c e r tai n  t r a n s a a ; ;— er

cond i t ions .  As ment ioned  ear l ie r, the exact cause of t h i s  phc-m - -n c- n

is not yet  comp leto-3 .y unde r s tood .

3 . 0  P - i - s i g n  E f f o r t - s to__1:-gor ove Svatc .m H ar d w a r e

in the area of des ign e f f o r t s  to improve system hardwa re , two

sp esi  f ic  design e f f oa t s  we- r e  p refo rmed .  The f i rst  conccrncd the c?Csi so

of a i~ c - ;  i I A D C/ SI N P  Int e r face  u n i t .  This  e f f o r t  ac-s mot iva ted  h -, the

desire to increase the r e l io b  f l i t ’ , f 3 o x ib i l i t y  and th r o ughpu t  of the

ch~m : nc]. . The new des ign , if im~Td a: ;-;; . UccI , should accomplish thc-ce

The second dcaiqn ef :c-ut ca n c . ; -c ci croaluatien or ccv- eel arm- :

to cl ~‘ac tic -to the rs~1u i -:-;nc-o t o� - -a ;. t an  -c -u s  u se of two Si~~D1-~ s nec I

u n i t : ;  at  each s ta t i o n . t’hL ; a w  i~-e~~gn . - ‘- : :uid q r c vi d e  s at i s f a c ;r ;

s-arvic~ wi t h t h i - ~ USC 0 a ~iu- le- chased unit . rj~1lerL i-~ou ld , ho- 

be c- ~ c t . - r ~~i~~l_ m ’ a f L 5 I H t i t a . - : - r o h - i -r ,  u n l e s s  a r - : -dui id . ~n t  Co - a:;c c- 1 c a i t

C I I  h~~~ i - e k e  iu- -- i i i  1’; - t v a i l c - l l e - . ~ Lo ::;- a t iv at i c r ~ for  t h i s  c - I  f o r t  -~- es the -

i a i - -e~~ia1 ; ; i i o ; t  ~- -O ( ‘ f  C h 1 I I I I c - i  u n i t  a t  Sc ,c u -Lh r t atj o n~~, (~o o H : i 1 b v  

i c- u I f , - ; u t  Cc - ; r  a at . 1 c - i  C - : - so - a i s  i -1 ic -, c- v en t  a- :  - a I a

- - cg -a ‘ - ‘ I c ’ ;  • a c — i t : ’ 1 -  1-bri : - - 1  U l i  1 t .
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Soce t hou1 lit hoc; ul so Lee -ri g i ~- en to the dc-vciopircnt of a to-s t

an d inon~~tor1ncj  c- a d i i  l i t y  c-s an ad j  ta c t  to the SSI . The e~-- er a t i o i i ul

c - xp er i cn c e  to d a t ”  su s c - ’ s t r ;  t h e  no -cc] f o r  a real. t ime test  an d  moni-

to r ing  cah ab i l it y as an a id  to channe l  f -w i t  d iagnos i s  and to o b i a in i n g

a comple te  un c l e -  r st o a i i t -j of cdi - nec - i  ~ c :rfcsmc- I lce in the packet  mode

of c p a- r a tio n .  Such a c o p o b i l i t y  ‘- -ould j c - r m i t  a close c o r r e l a t i on

be tween  c l iani io l  oc r fO r fua i I C C c-fl-I t i le  i -’ieasur en ir -f lt  da ta  taken  on the

per formance  of vr ’r ious  do-t re nd c- Ssi~~n c - - :~; I  a l g o r i t h m s .

3.1 New SI : -hP / SPA DE I nt e r f a c e  D e s i q n

One task  under  the  cont rac t  was to determine how the system

ope ration could be improved over the ori g inal  des ign  concept , i . e ,

tile low r i sk  approach c-~i th  the m i n i m u m  number  of m o d i f i c a t i o n s  to the

SPADE channe l  un i t s .  A cot - i.ete new i n t e r f a ce  has been desi gned c-nd

bench tes ted.  The new i n t e r fac e  e l i m i n a t e s  the u n c e r t a i n ty  in t i r e

assoc ia ted  w i t h  the transmission of the data out of the S1-P? relaLive

to the GOS1G , and the  overhang  t ime required to insure  all  tile d a t a  have

been c lea io-d  fr o ; t the -  memories  upon receat ion .  The new i n t e r f a ce  de s ign

also i n cr L a se s  tb -a t r a n s m i s s i on  r a t e  from the SIN g f~-om 56 KB/s tc-

6-1 hO/ s . F i n a l l y the n-sw i n t er f a c e  is e:-:pect:ed to f a c i l i t a t e  a s i g n i f i—

can t  incr c~~sc- In cnenno- l r e li a bi l i t y  by p laci a-g the cont ro l  of j r .

d 5 l~ I. U qu t i c ’i a t ~~on in the -  i r 1t c r~~ClCC Ufli t re t h i e r  t h en  in the flPAD1I - - ; r n n e l

u n i t .  I L  i s  be-I ieved t hat. the Si;r .-lu- -: L ‘-ray tu  0:: rco: cc t b ; - - c he a n ol

• p r e P l a n  d i c s t ; s s - :c i i n  P a - c I : i c n  2 . 4 is to u - s o  a len , :c - r  u r o a m h - i  a .  -a I i - .
I-

it t t t - ’fu ~~c u&u-r i~~ t ; , ;- - b l 3 C h Can ~iic l u - a ;  an u s r - I l t ] , L ] y c t i t r - ;  : 
~~

- ; - - - - -  P i e ,

w o u l d  f - a c i  i i  t at- such a ch aji— :- - s i — .; hi ~ ncr.- potentially h av e  a si g l u i  i —

~ f r ~ -:-c on c-ba r ,ncl 1C-11 }i clit . H r b t f y i r i  : H a -  psr a r t l :  in  t b  -

I / - - :~ -r ; t a t  - - :ia i l l  - - - s it. \ -Jt i ; i c. i rc- ; ;  -s a rc - t: ’~— 1 c - I  -~ - —

I b .  i f J ~~~ - I a - ’li , r a~~;-:c -r O t  i i  I a , c t c C  l i i ! ’ 1 t I C  I I..

- 

-‘ ____

~~~~~~~~~
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The Icc - ’.-: ju te: f icc - ( i c - s i g n  i ncor ~: ar e  to-s oi l  the functions no-c—

-
- - 

c_’ssary L tr ;ns;.. :. n (on i n c  SC ce-p t  ccii o r .  tn-a b u r s t .  The 1. unct io::S fleC—

essarv fo r  t r an s l - i  a s i c -n  1 i c c i u d o -  prc a ;nl le and SON (Start of M e s s a g e )

gene ra t i on , car s  i c r  o n/ o f f  control , ari d t r a n sm i s s i o n  of 64 kH z clock

pulses to the SINbs . The receive i n t e r fa c e  accep ts the two 32 KB/ s

data  s t r - o m s  fros ;  the r u d e - c a , resolves  the phase-  a m b i g u i t y  of the da ta

s t reams , c-nd reCo::: i ne s  the two 32 KR/s data streams into a s ingle

64 KB/s data s t rec--u to he t r a n s m i t t e d  to the SIMP .

The increase in the t r a n s m i s s i on speed f r om the Sfl1P to 64 KB/s

is accomplished bc- e l i m i n a t in g  t i te  rc - :qui reui rcu ri t to inse r t  a 32 L it  SON

between c-very 224  bits of data. The rurllose of inserting the 32 bit

SOM is two— fo ld ;  fo r  t r a n s m i s s i o n  it i s  used for  “b i t  s t u f f i n g ” to

increase the t rc-n s-t ;i . ss ion rate from 56 KB/s to 64 KB/s; and for  rc-cep—

• t ion , the 32 bit SOM is to resolve any phase ambi g u i t y  of the voice

data  in the event of cycle slip or ]cs-s-s of phase lock . The rec~ p t ion

of data in the pecket  mode requires  s y n c h r o n i z a t i o n  of the data

s t a r t i ng  - ; i t h  th-: - f i r s t  data  b i t .  Should da ta  be received in error ,

for  w h a t ev e r  r e a son , then the e n t i r e  p ac k e t  is d i sca rded  and a new

t r a n s m i ssion of the packet:  r e-quested . h ence , a f t e r  i n i t ial  s yn c h r o n i -

za t ion  of the  d a t : i  by th e-  I i r st  SO~- 1 , r o y  l o s s  o~ i lu t a  dnc -~ to r\-clc- slip

or loss a t  phase l a-c- k , ~‘hich would b e  co ic-e c t s J  L--/ subr :e j iaeflt  S f0-h ’ S

is o -g no v a l u e -  f o r  the  j a c k e t  r:o e -
~~~~ t r r . r smis . ;i  on .  rj h r~~for e  i t  is

p o s s i b l e  to eii : :~c 1;- 1te a l l  ~:cc :-i ’ s f ro::: I h a -  ‘Ud a c-t5i~~tr c:- :cch L fo r  t i l e

first c- : ; - : .  Tl.is Y N  Is use- -J for. i t d t i n l  a c - i  - a - cu n c-ti- act acid r- solu tion

of ,are;:a c i :  a ;: b,N;’ni ties. ,\~ tc-r r :y : i - k , c u n i z a t  i - n i t  is us! - ib . 1  ish -J

~j n t  - - - :L i c -t. u l tb - i - st Hl~-h tb ’ : ICc - ’ ;  -St )CtrC Ic l i ’ C h i - c Hr the (bu: - JIH C;n

t h u  ‘ U! - - :1 , i -  I t a c - k ;  u i di: ,- - u~~ I . ‘Ibi i~ s i t ;  t lie

- is ¶ ~~, c- t i  h -  s’ - - - b :  a : ;  a- : ; Sc a u  i i s-H b - ;  t b -  I - C - :  ~~~
‘- , c c l  S ~~I :  I C ’  --

iii u b ,t~~~ r~~. ,n! _ 1 A i ~: I  Clt ~ I ! .
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The o n L y  siquii ficant dc-lay i n  the ne~ interface desi gn is the

delay br.- t w ~ -~ -n the o- , c; I c c-n d t ic -a  t r a n c t css ion of da ta  f rom the S JN P  to

th e  ic - I . sfoar.- . b~~ is  d- a i~~a , ~~~~~~ n e -c  if the :ct:e-sc-rit jr. - - Pio- ~~d SO:-i

arc usc-d , is required for generating the prearable  and SON . A second

delay  Lv ta co -n 5. b’7 at~r.l 7.8 sec is n - a c t ’s s er y  for  s e t — u p  t ime of the

tr a nsm i t  i n t e r f a ce -  af ter rece ip t  of the GOSIG f rom the S IN P .  F igure

3—1 shows the block d i a g r a m  and t i r : inq  rd a tions  for  the new i n ter f a c e

conf i  ~;-w-: at lof l . Th is  f i g u r e  shows t h e  present  p reamble  and SON , but

the i n te rf a ce  dcci gn c-i 11 ~:ar ;ait  t he  use of any l eng th  prc-~ t:chlc and

SCM w i t h i n  the c o n s t r a i nt s  of the ha rdware  impl e m e n t a t i o n . These con-

s t r a i n t s  are 255  b i t s  ( m a x . )  of c a r r i e r  and b i t  t i m i n g  recovery,  and f i x e d

lenu th  p ar  c hann e l  SO;-1 s ot lb , 2 0 , 24 , or 28 b it s .  in t h i s  c o n fig u r a t i o n

the present  SSI and the SPL~DI T r a n sm i t  and 1-ccceivc- S y n c h r o n i z e r s  c-:ould

- 

- not he ~~~~~~~~~ The ra w t r an c - a li t and rc:cc’iv-: i e t — -r f a e e  u n i t s  perfc ’ - -r u a l l

the f u n ct i o n s  n e c ess a r y  ~or t ron s m i s si o n  and reception of the b u rst .

3 .2  Single C h a n n e l __U n i t  Per i gn

A second in v es t i g a t i o n  was mode to de te rmine  what  mod i f i c. .  Lions

— 
would be neces sa ry  if a s ing le-  c h a n u m e ] .  u n i t  wore  emp loyed r a the r  than

two un i t s  as in tb -a present  c o n f i g u r a t i o n. To emp loy a s ingle  cs an ne l

u n i t  fo r  tOe A O L .~~ c i r c u i t  e i t he r  a second s y n t h e s i z e r  must  be i ns ta l l e d

or a s h i f t  of  111 . (14 5 Nil -i of on-:- out;att s i g n a l  f rom the s yn t b c s i : i- r

r; ua - I I - a  p a r f o r ; : ; -cO . Thc- f i r s t  apprc oh , i . e • , t h e  use of a second

synthosizar , Wa S r ej e c te d  as being t a c t  co s tl y to imp lc:n ’n t .  Th c- second

ap pr ;  C H , : . c- . ,  f a. - t m c y :dt i t , i n  its initi-c~ conc ei t is shown in

I ’ igu r - 5 - -2  . T I c i .  at i r e  p r oc  - :nt o ;  a i ) i b I a . ;  i l l  t h at  t h e  isolation

P I -  ~n r ~~:-~~ - :  inj - ~~~ ,— n J  e u H ~’at . po r t . ;  it ;  n ot  i — - - y f e ct .  J r . ;  a resul a the

Hg at t i  H a  f t  -~~c - - i i ~~y ; - - : t i . - : : , i : i - m  .- t i ]  fL - a.; tim- c - a- i. tIlL m i x e r  c-nd

i t t c -a  z • c- L t Ii c -u t  - t i  a at  i :- I :: a : ;  Ii i ’  Ii :t db - I - . a . ’ l b  a: ~a -s i  r ’. f r e —

~~~Tt~ a~~~~~~~~~~~su ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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quency . i f  the  L ;es ir ed  si gnal  is near the band edqe of e i the r  the

hi g h band or this low bc-r id f i l ter , each of which has better than 18 M h z

b a n d w idt h , tb -a  i r i nu t  Erc ’ c iuenc v , wh i c h  is 1 8. 045  ~-~iIe away f rom the

desired s i g n a l  and 22 db below it , w i l l  be w i t h i n  the f i l t er passband .

This i n t e r f e r e n c e  can be reduced by e i ther  of the f o l l o w i n g  two

methods:

1. Res t r i c t i on  of the t r ansmis s ion  f requency  range so t h a t

na r rower  hand -.- :iclths can be used in the hi gh and low band

f i l t e r’ s , or

2.  Double conver sion of the t r a n s m i t  f r equency  in which the fre-

quency syn thes i ze r  ou tpu t  is t rans la ted  upward by a large

enough a:r-ount so t h a t  the inp ut f requency  is not w i t h i n  the

f L i t e r  pessb -inds  and is then down c o n v e r t e d  by a fr equ e n c y

which is 18 .045  MH z above the up cnnvers icc  f r eg u en c y .

Block d iac i ro ; s fo~ the two methods arc shown in F igures  3-- 3

and 3 — 4 .  The combinat ion of osc i l la tors  shown in F igure  3—4 we- s  chosen

to take-  a d va nt ag e  of the 46 MH z osc i l la tor  a l ready e x i s t i n g  in the

ear th  t e rmina l  m o d u l a t o r .  In e i t h e r  method the f i l te r s  ‘sill  h oa r  to

have less  th e-n  0 . 5  db v a r i a t i o n  over the r ange  of fr e -qu c o ri e s  t i :ans—

mitteci  and w il l  Pc -v a to at t e n u a t e  LIi e i nt er f e r i n g  f regua ncy by ~;t least

20 db. This  m o a n s  tha t  t i m e unc-:onte d s ic;cal  p a ss i ng  t h r o u- ;b  the  mixer

will he at 1cc-st 4 2  db b c-low the dc-si red  frc’p oncy ~ t the f i ll er  ou t—

put.

The osci]. in Lor :;t i~P~ li l y ~h o u i h  be an c-Suer  o n;ay:litu;IL -~; r o e - Le t

t h a n  t - f r t -
~~ni - c l o y  s y n t he s iz e r  st eJ ’ .il it:y ;cp c-ci f l ed  i s -  the  ¶c’PADfl Sy s t e m

S~~ic - c - i  (ic atti ol. ~tiin specificwtt .ioi, rLc~]ti ir ’ S + ‘
~~~~ 1 1 : - c c-n the Sr t c e -  - ncy

S V : ; ’- ; a - : c i . : , - a  n J ’  - ‘  . ‘~°~ - c - - - j
~~ i t h a t  t h i c -  o a c i ] ] I ~~; m 5  vu a at~ b i i i t y  of

4 2 a ( c - c -  t h it Inc - -:c:;H i no t~ i c -n  ol a P , 5 - - i  1 1 a Co a.. 1 ~ cm; t h e -  I - -I- 5

ll ;~ ) , tda-  h I c ; i i ’ _ ;~ L J - _ - c : : i ( - ! , i :  
~‘ 

c -s c  -i .11 a I (a ((4 h- is ) c - h oc - c i t  i ic I’I c-’m’ - c 3— a woci ci

_ __ _ __ _ __ __ _ __ _ __ __ _ ____ - _ _ _ _ _ _ _ _ _  
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ha ve to l ’stvo d stabliliLy of bLILLc- r than 3 i~~~~~tS oi b R : ‘l i-me 18 .045

MUZ oscillator u s d  in thct re-s trlctc’~i frecjenne-y r J n 4 - :  me thod  would

- - -  - - 7
5’  h ’ j c ’ 1 t 1 2 m~~t i ” lO

All f i l ters , o sc i l l a tors and mixers  needed for  e i ther  of these

approaches arc rL acl i ly available co:::-crcial]y .  Longest  lead t ime item s

would be the oscillators which require 12 weeks ARC for delivery .

In order to m a i n t a i n  complete  f l e x ib i l i t y  in f requency assign-

ment , th e  double conversion appro ach would  be required , should th i s

technique be i mp l emented. The di sc-d~’antegc to modif ~- ing  on ly  a si n g l e

channel  u n i t  is t hat , in the event  of f a i l u r e , there  would be no h a c k — u p

channel  u n i t  a v a i l a b l e .  The cost t:o irmip l ement:, install , and doc-arent

this change would be appro nimatel y $ 3 2 0 0  r~
- er channel unit.

3.3  Proposed Test  oral N — c c i i . t o r ~~r iq : ‘c c d u b e ( T ~~N)

As e~-ner i c -n ce  ~-‘es ch i l in c d  by mon i to r i ng  and c -v a l u a t i ng  the r-ysten

p e r f o rm ance , i t  became cc\ ’ident  t hat  addi t i o na l  e c :u i p aen t  should  i- c

incorporated in to the in ter face  uni t s  to dynaoica lly  test and mon i to r

the system par forr.-rcncc at each e a r t h  s tat i on  on e s sen t i a l ly  a cccSet

by I c a c c - c L  b a s i s .  Real t ime ev a l u ac io n  of s y s te m  f un c t i o n s  would  s i g n i f i -

cant l y aid the ear th  s ta t ion  I:-crrcrcrce]. i nvo lved  i_ n t i m e m a i n t en a n c e

of th e systi m , cm a d d i ti o n  to aid . i  ng Ij ie p c -r sonmie l  involved i_ n C - v - A u —

a t in g  th  p cr fn r : : en c c  of the c-r . :o c- rHe .en ta l  sa t e l l i t e  n-e ta-ionis .
t

‘ l im o .i n f o t : : c - t~~on w o u ld  be ce l l  - -rO eU i.n two —~c : c’a 1  cat :c-qc ;ni-ss

The a rat w o ul d  L a  st atu : ;  i O f a r ! n - ;t  I S i t  w h i c h  c-:culd Ic-a in  a ch i gi fe -i

f o r : m L .  T h i s  d O:a w ou l d  c o n ( a m ; i  is~~ c-col ic-ri t a  to carrier :~cc v m s it ior ,

h i t  t i ~: ‘V5 , S ( -  d e t r - c t O C ) n , r t c c e : V C - d~~c a r e t - - , haruc-: - - i - -  chech : amaci

eta . ~Pe c c -  ‘ c - c i a  cc-t- --can v of d at - c — s o t - I d  i n ~~e- l v e  i. - an i t o ~~i n c -  ic-dc .

~ 
- i  c i : c . :  Ce , c O L t  h - - C t  an 1n~~

]o- ) fc mc-~O . ‘ f l -  ~ n i l c  _~ data - , ; c-u 1 .  hcc -

c:nt ’- h - I L, ~; - - i ~~~- I  ~i i t  f o m  tt - cc - n:ct i~;_ ; i - ’ :m ic’ tb b F ; ’ . I n  m asH

-1
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the  I n c -L b - r i  n - c r f o s : c ince  each st a t i o n  w o u l d  h a v e  to  cc i u i b r a i : e  its own

n cidem out~ i t t a  and the “ calibration curves ” would b-a stored in the SIMP .

A m n: J~~L L t j  of td . u e - l i bi a st i c -n c : lrv : -a  w ou l d  h- ac to be p e r f o r m ed  rou-

tinely. The information collected from the mode-rn could include AGC

f C - L clb-:tuh \ L I  Lore-a, information on noise levels , VCO control volta-re-s

for the 512 }~Ilz and 32 I-diz (Bit Timing) oscillators , etc . The test

and m o n i t o r i ng  m a du l e  should also provide a means for determining a con-

f l i c t, i .o.,  when t--;o or ni-arc s t a t ions  s i m u l tan e o u s l y  contend for  the -

t ime slot . A control word f r om  the SI~ :P would  be used to dcte~~~ir: o

what  f u n c t i o n  is to be measured  at the next  received b u r s t .  Con tent ion

data would be con t i nuous ly  monitored  and the in fo rma t ion  sent to the j
SIMP a f ter  each det -octed c o n f l i c t .  The i n fo rma t ion  would he sent to

the SII-hP over a dedicated lina i n s t a l l ed  between the SIMP c-n d the T& M

modu le .  The T & ~~- 1 ic e-ha le ‘s~~-j ld be i nst c- l lcd  into the SPADE channe 1 u n i t

shelf.

L. 4 .

The initial concept of using the SPADE Sys tem for the trans— L

mission of packet data via satellite has bc-en proven to he feasible.

T u e  low n a b  approach used in bc-c r :acli f i ca t io n  of the che-i~ncl u n i t s

and in the- c r c p J  cncent at i c - c- c - f  t h e  i n t e r fac e  u n i t s  f a c i l i t at ed  the

in itial t( stinq of the sci : - t- : : r :. I t  a)  ccc - ’ - rovcd v a l u a b l e  in d e t c i—  
—

m in i rw; c- h i m t  tbc -c si;o:tco: H a c - s  s~c-c ~n us i tw~ th e-  S~~ADL~ t V 1 c -  ch ai n - - i  u n i H~

e - I R .  -.-di~~t shou ld  be den-a to ic - c — cave Lia- 0cc - e r ot i c - ca .

‘i’ice enpcnieit rc~ g cil l - a i mi the ci c c c a t i o~1 of  the S y S t & - : i  1:0 d c t ’c

it : -; aL-- - -.cm that c c n c L i n u c d  c - S i ll L11I i5  t cv;-i o;:t c l i i  be r e qu i :- -il to — \ - e - i —

i~~ t t e -  ~~
- j - c -  ~-c-a-~- c- - -. c-~ t .u c-~~

ecn - 1 a-n O Tb a cc  -.-:il]  - - p cr 1 i c c c l  c i  l ’~ t i - a

c - c ;  H - -i ear  Lb t ; L ~~t i c - c c: a t  a - c L  to t b - c  I - t ~- ;c-rb . ‘lime t - u u i t  - i a n  L ~c c c d

— — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~ ~~~~
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procedural aodificatium; which he-\—c been trade- have sign i f i eant ly

i rnpro t~~- ci the  r el iab i l i t y  of the c h a n n e l .  Ti m e p r e sent  level of channel

performance ic -c not a sjc it,~ f i ca n t i t ~eeciic-;an t to the experic ental activi-

ties. Ti-mere are , however , remain ing  channel  performa nce proble m s which

w i ll r r qu i r c  a d d i t i o n a l  anal ys i s  c-nd corrective measuL-es.

It is recommended tha t  the Si:- :P/ SPADE I n t e r f a c e  u n i t s  be modi-

fied in two i mpor t an t  ‘ic-yS. A modification to the data transmission

port ion of the i n t e r f a ce , as d i scussed  in Section 3,wi ll  improve the

system f l e x i b i l i ty , r e l i a b i l i ty  anal  t h r o ugh ou t .  Of p a r t i c u l a r  fin—

portance would he the provision within the modified unit of capabil-

ities for f l e xib l e  preamble and SOM genera t ion and SC~-I de tect ion .

Ti-mis c a p a b i l i t y  would permi t  p r e a mb l e  and SCM m o d i f i c a t i o n s  which  are

expected to he important  in removing the r em ai n i n g  ch en n e l  performance

problems .

The second recommended modification is to incorporate a real

time to-st and moni tor ing  module  into the SSI.  As discussed in Section

3.3, such a capability would be very va luab le  for  both system m a i n —

tenance and as an aid to the exp er i m e n t e r s  in e v a l uat i n g  the per-

formance of a s a t e l l i t e  packet  con :eunication system .

P1~ 
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Annex 1

List of D e f i n i t ions

CODEC — Coder—Decoder — Used in the S P A D E  channe l  u n i t  fo r

converting analog voice signals to 56 KB/s data daring

t ransmission , and during reception to convert the

56 Y13/s date hack to analog voi ce signals.

DTS — Data Tes t Set — Test equi pment desi gned and buil t by

CO4SAT unde r an ARPA contract , to measure channe l  h it

error rate and channel continui ty in bar ~~t tro de c~ ra-

tion .

GOSIG — A s ignal  genera ted  by the SIMP to i n d i c a t e  c--hen  h a S

is read y to t r ansmi t  d a t a .

PREAMI3LE — A bit seque nce , gener ated in the t r ansmi t  svnchrcri:-:icr ,

composed of the -  c a r ri er  re covery  sec -c - a -ace , 40 bits~- of

all “l’ s” , f o l l e -— - a e d Ic-: th e bit t i r n i n~j  reeo’- e-ry , E D  b i ts

of alternating 00110011.... The bit ro L e - is 64 hI /s.

Tronrt it
::‘ncc i o iacr — One- of tb-a :QdLie. ; in c-b - bPADP e-bamtec l u n it .  TH s

modu le  p c - rf o r ~ -
~ a o t : .L e ’ -  ‘f f m t i c - - a : i c n a , imccl ~~-lin c; c - t a

g e n e -r o t c -i c-n af  a l  I t c m i c ~~ si ’ m P s  and -:locka , pre h~ ie

• amid  Su - ~ p- :im -r~Pc-’- c; , c L r m 1 L - ~ cji ’,j~~.f  c :;;:troi  , as i c  r_ -Cite-in:-

the i-ic -de - fl Pc- ~~‘ L e n .

— Sa1 - l 1 ~~c-e l:~1 c - f ec’ - - - ‘cc;, - b t c - - - - t - : c u r  — A Ii - tC”.-\-~ II

3~ 6 rclch-- a-nc c -ut - a r ~tac- :~ ia ,’ I - I c - , !e-a ,t mcd: and 

f~~r i t : - - .: i n  t i c : , i - ’L- , c - L - I l I t a . c L: - h - - ))n. n t s l ~- ro_ J 1 ; t c .

~~~~~~~~~ ~~~~~~~~~~~~~~~~~ -
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SO~1 — Se rt 0 ~- a 5 t ~~~1( i a  — A 3 2  U i t  P o L o  s i pu  H e - a  qL-:Ae -ro c-c-cd

i n  t b c - -  T e - m r m : c ; : i i t  ~ t t a h ~~c-ca i a r a nd  w a d  by c - l i e  - --:e- i~.’cc

Symi -hr - - : c j  -car  c-u FL - c-c o lVL - ~ h - i c ;a  atibi qu i t iL- H i n  tne c-ate-

r ecc -— i v - c - i fr - c c -c  t he  rcca ’~-:m . The 5PM i s  i n s e r tad  i n t o

the  P - c t a  st r c - : :  a r L u r  c c - c  224  b i t s .

55 — Start Pic - -ac ;bl c — S~- n cb r o n i  r i n g  pulse generated in the

Transmit Synchroni2er wh .i ch turns On sequence generators

to ge -n e -r a t e  the pre~ r oie a n d so:-~’ s.

— Single  channel per carrier PCM Multiple Access Demand

A s s ign e e -n t  Equi pmen t .

SPADI - Channe l
U n i t  — A par t: of th e SPADE t e r m i na l  composed of a nu mb e r  of sub—

modules  for  the t r a n c c c ; i  SSiOn and reception of a s ing le

carrier through the ScADS system .

S1’ADS SYSTLh — An intarnetiaccal demand a:ni:~noont mu l t i p l e  accea n

ccic-cruni .cations sy s te m  ut ilic-ci ng SPbD1~ equip: ; c o t .

P~DS Ter—
— The equi pment  used a t  an ear t h  st a t i o n  fo r  acces s to Lic e

SPADE Syc :;tefl ) .

551 — SThP/51PLP Interface — Equ I -m e -n t  d c - s i g n e d  cad  b u i l t  h-p

COPSAT f o r  use i n  the  JcIPPL Sa te l i  ii to exoc-.-ric cc-ct . Tb:-

SSI i -a a c - - i  1 - - cc - c - : at~ ti c- - SL-t S and ScPADE c - b c - a c n e - I  units
-L

• an-c-I c-ac-ca to - :-e -T :Ci c -p - a t t i c  c - c-nu it ioa Li ce si c - c - m i s  c c - a s  seal

hotc-;~ - - ’ t b  t t-:a.

~-iac1 a 1- - - T- - c - c-cad Pc-tm i o:i eq  P - - a u )  a- A ma ) Ln 1 0 b c - - i : c~ cons I d - c - t -  - to

c-Id t 1n-~ t -- : - :n-r c t i t  - 1  •-: , 1 ; i t  - i c  h c - c t  c- ~ 0l cO~~ a I 1Cc ~- :ai—

isa I .i m - - 0 ad cc - c - ott cc r c ’ : t I -  - Ui - - r r :- - - - - , - 1 i -
1. .
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c- ) - - c - )~~~i a - c -  — of  m b-a c: -a ~cl~~u ~~m t he- SPAPS c L c -m n n c-l u n .~ t .  ‘lb I S

r e-c- ica-c the- d -:-c -du i at e d  data  f rom t h e  r:ied- ra ,

L~~SOl\  e-~ - 1 1 ;  I c - marC ac- hi guiticcs in the data :c-trear-:

c-cad tic--n t rccc - :c: .mi ts Llc~ 5C KB/ s se r i a l  data a::d 56 ~:llz

clue-I- to the SI Ph , v i a  the  SSI

L.
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